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Ke yw o rds　Pallad ium comp lex, H ydrogenat ion, C rysta l st ructu re
In troduction
Fo r the past severa l years, the react ivit ies of o2(d iphenylpho sph ino ) ben2
za ldehyde w ith som e tran sit ion m eta l ca t ion s, such as P t (Ê ) , Ir (É ) and R u
(Ë ) , have been repo rted [1, 2 ]. How ever, the react ivity of pa llad ium ion Pd (Ê )
tow ard Ph2P (o2C 6H 4CHO ) has a t t racted lit t le a t ten t ion. In the p reviou s w o rk,
w e have repo rted the syn thesis, m o lecu lar st ructu re and cata ly t ic p ropert ies of a
d inuclear pa llad ium (Ê ) com p lex [Ph2P (o2C 6H 4CO ) PdC l ]2·2CH 2C l2 [3 ]. In th is
paper, the p repara t ion, crysta l st ructu re and hydrogenat ion p roperty of trans2
PdC l2{Ph2P [o2C 6H 4CH (O C 2H 5) 2 ]}2 are p resen ted.
Exper im en ta l
1　S yn the s is of the C om p le x
A so lu t ion of Pd (CH 3CN ) 2C l2 (0113 g, 0125 mm o l) and Ph2P (o2C 6H 4CHO )
(0129 g, 0150 mm o l) in ethano l (15 mL ) w as refluxed fo r 12—14 h, a yellow 2
green so lu t ion w ith som e p recip ita tes w as ob ta ined. T he so lven t w as concen t ra t2
ed in vacuo to ca. 10 mL and coo led to - 5 ℃ to g ive a yellow 2green crysta l,
w h ich w as w ashed w ith E t2O and n2hexane, dried in vacuo. Y ield: 0117g, 75% ;
m. p. 238—240 ℃ (dec. ) ; A nal. Calcd. fo r C 46H 50O 4C l2P 2Pd (% ) : C, 60197; H ,
5156; C l, 7182; Found: C, 61109; H , 5126; C l, 8105. IR ( in KB r) , Μπöcm - 1:
3 456w , 3 052m , 1 701vs, 1 577w (Ph—) , 1 479m (Ph—) , 1 433s (Ph2) ,
1 273vs, 1 186m , 1 098s, 861m , 750s, 695vs, 519vs, 463w. 1H NM R ( 500
M H z, in CDC l3 a t 25 ℃, referenced to M e4Si, d 01000) , ∆: phenyl p ro ton s,
71040—81191 (28H , m ) ; PhCH—, 51337 (2H , s) , —CH 2—, 41447 (2H , m ) ,
41330 (2H , m ) , 31514 (2H , m ) , 21777 (2H , m ) ; —CH 3, 11243 (6H , m ) , 11139
( 6H , m ) ; 31 P NM R ( in CDC l3 a t 25 ℃, referenced to ex terna l 85% H 3PO 4,
d 01000) , ∆: 211452.
2　The G row th of S ing le C rys ta l
T he t it le com p lex w as recrysta lized in CH 2C l2ön2hexane at - 5 ℃ fo r tw o
w eek s. A pale yellow 2green crysta l of PdC l2 {Ph2P [ o2C 6H 4CH (O C 2H 5) 2 ]}2 w as
ob ta ined.
3　X2ra y D a ta C o lle c tion, S truc ture S o lution a nd Re finem e n t
A crysta l w ith d im en sion 0115 mm ×30 mm ×30 mm w as m oun ted on an
En raf2N on iu s CAD 24 diffractom eter fo r da ta co llect ion. A to ta l of 4 204 indepen2
den t ref lect ion s w ere co llected in the range of 1°< Η< 26°by Ξ- 2Η scan tech2
n ique at room tem pera tu re, of w h ich 2 925 reflect ion s w ith I > 2. 5Ρ> ( I ) w ere
con sidered to be ob served and u sed in st ructu re analysis. T he co rrect ion s fo r L P
facto rs w ere app lied to the data.
　　T he st ructu re w as so lved by m ean s of heavy atom m ethod and refined by
fu ll2m atrix least2squares w ith an iso t rop ic tem pera tu re facto rs fo r non2hydrogen
atom s excep t the carbon atom s w ith ethoxy group. T he hydrogen atom s of the
m o lecu le w ere genera ted geom etrica lly and w ere no t ref ined. R efinem en t con2
verged to R = 01060, R w = 01065 w ith un it w eigh t. T he h ighest peak in the fina l
d ifference Fou rier m ap had a heigh t of 1111×103 eönm 3. Com pu ta t ion s w ere per2
fo rm ed on a 386DXö40 m icrocom pu ter u sing NOM CSD P softw are package [4 ].
Results and D iscuss ion
1　S yn the s is of the T itle C om p le x
In the p resence of ethano l as so lven t and Pd (CH 3CN ) 2C l2, pa llad ium ion Pd
( Ê ) m ay p lay a ro le of L ew is acid and po larize the carbonyl group of
Ph2P (o2C 6H 4CHO ) , cau sing an alcoho l2a ldehyde conden sa t ion to fo rm ( o2
diphenylpho sph ino ) benzaldehyde diethyl aceta te, w h ich fu rther reacts w ith
Pd (CH 3CN ) 2C l2 to g ive the t it le com p lex as fo llow s:
Ph2P (o2C 6H 4CHO ) + 2C 2H 5O H
Pd (Ê )
Ph2P [o2C 6H 4CH (O C 2H 5) 2 ]
2Ph2P [o2C 6H 4CH (O C 2H 5) 2 ] + Pd (CH 3CN ) 2C l2
trans2PdC l2{Ph2P [o2C 6H 4CH (O C 2H 5) 2 ]}2
2　D e sc rip tion of the S truc ture
T he t it le com p lex is t r iclin ic, space group P 1, a = 01976 8 (2) nm , b =
01996 6 (2) nm , c= 11280 2 (4) nm , Α= 109177 (2)°, Β= 112127 (2)°, Χ= 74196
(1)°, V = 11072 9 (5) nm 3, M = 906118, Z = 1, D c= 11553 göcm 3, m = 714 cm - 1,
F (000) = 468. T he fina l a tom ic param eters and therm al param eters are listed in
T ab le 1, and the selected bond leng th s and angles in T ab le 2. T he m o lecu lar
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　 F ig. 1　T he mo lecu lar st ructu re of trans
2PdC l2{Ph2P [o2C 6H 4CH (OC 2H 5) 2 ]}2.
st ructu re of the trans2com p lex is
illu st ra ted in F ig. 1, w h ich show s
the num bering schem e. T he co re
geom etry of the m o lecu le has a sym 2
m etry cen ter, in w h ich the pallad i2
um cat ion occup ies the o rig ina l po si2
t ion of the un it cell. M o reover, the
Pd2+ is te t ra2coo rd ina ted and ex ists
in p lanar quadrila tera l geom etry
w ith tw o ch lo rine an ion s and tw o
pho spho ru s a tom s connected w ith
trans2po sit ion respect ively in the
m onoden ta te m ode. T he distance of
Pd (1)—C l (1) is 01229 3 ( 2 ) nm ,
w h ich is the o rd inary value found in trans Pd—C l bond. T he Pd (1)—P (1) is
01235 8 (2) nm , and it is longer than tha t in the repo rted com p lexes, w h ich po s2
sess the trans Pd—P bonds, show ing the bu lky ligand effect [5, 6 ]. T he C l (1)—Pd
(1)—C l (1a) and P (1)—Pd (1)—P (1a) are in linear, and the oxygen atom s in
ethoxy group do no t part icipa te in coo rd ina t ion.
　　T he IR spect rum of the t it le com pound show s a st rong ab so rp t ion at 1705
cm - 1. T h is is po ssib ly belonged to Μ(C= O ). T he ex istence of carbonyl group cou ld
be exp la ined th rough the part ia l decom po sit ion of the d iethyl aceta te in a ir.
trans2PdC l2{Ph2P [o2C 6H 4CH (O C 2H 5) 2 ]}2
H 2O
trans2PdC l2 [Ph2P (o2C 6H 4CHO ) ]2 + 2C 2H 5O H
T ab le 1　A tom ic coo rd inates and therm al param eters (×100 nm 2) of
trans2PdC l2{Ph2P [o2C 6H 4CH (OC 2H 5) 2 ]}2
A tom x y z B eqöiso A tom x y z B eqöiso
Pd (1) 0　　　　 0　　　　 0　　　　 2. 75 (3) C (15) 0. 362 (1) 0. 3410 (8) 0. 3631 (8) 5. 6 (4)
P (1) 0. 0436 (2) 0. 0765 (2) 0. 2040 (1) 3. 08 (7) C (16) 0. 2394 (8) 0. 2760 (7) 0. 2848 (6) 4. 4 (4)
C l (1) 0. 01621 (2) 0. 01361 (2) 0. 0077 (2) 4. 8 (1) C (21) - 0. 1122 (7) 0. 2125 (7) 0. 2351 (6) 3. 9 (3)
O (1) 0. 3672 (6) - 0. 1682 (6) 0. 2325 (5) 6. 0 (3) C (22) - 0. 0900 (9) 0. 3365 (9) 0. 3238 (8) 5. 9 (4)
O (2) 0. 2925 (7) - 0. 3791 (6) 0. 1277 (6) 7. 8 (4) C (23) - 0. 209 (1) 0. 442 (1) 0. 3411 (9) 7. 2 (6)
C (1) 0. 2427 (8) - 0. 2329 (8) 0. 1648 (7) 4. 8 (4) C (24) - 0. 350 (1) 0. 426 (1) 0. 273 (1) 6. 8 (6)
C (2) 0. 457 (2) - 0. 164 (2) 0. 165 (1) 9. 0 (8) C (25) - 0. 3765 (9) 0. 301 (1) 0. 1870 (9) 7. 6 (6)
C (3) 0. 561 (2) - 0. 070 (2) 0. 227 (1) 13 (1) C (26) - 0. 2581 (8) 0. 194 (1) 0. 1668 (7) 5. 8 (5)
C (4) 0. 191 (2) - 0. 448 (2) 0. 014 (2) 13. 9 (5) 3 C (31) 0. 0526 (7) - 0. 0709 (7) 0. 2630 (5) 3. 6 (3)
C (5) 0. 245 (2) - 0. 555 (2) - 0. 058 (2) 10. 7 (4) 3 C (32) - 0. 036 (8) - 0. 0499 (9) 0. 3327 (7) 4. 9 (4)
C (11) 0. 2067 (7) 0. 1606 (6) 0. 3052 (5) 3. 4 (3) C (33) - 0. 028 (1) - 0. 162 (1) 0. 3799 (8) 6. 6 (6)
C (12) 0. 2939 (8) 0. 1186 (7) 0. 4062 (6) 4. 2 (3) C (34) 0. 064 (1) - 0. 286 (1) 0. 3605 (9) 7. 6 (7)
C (13) 0. 4152 (9) 0. 1865 (9) 0. 4839 (6) 5. 3 (4) C (35) 0. 151 (1) - 0. 3085 (9) 0. 2905 (8) 6. 2 (5)
C (14) 0. 4485 (9) 0. 2961 (9) 0. 4602 (8) 5. 7 (4) C (36) 0. 1457 (8) - 0. 2017 (7) 0. 2409 (6) 4. 3 (3)
3 Iso trop ic therm al param eters.
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T ab le 2　Selected bond length s (×10 nm ) and angles (°)
Pd (1)—P (1) 2. 358 (2) Pd (1)—C l(1) 2. 293 (2) P (1)—C (11) 1. 820 (6)
P (1)—C (21) 1. 827 (7) P (1)—C (31) 1. 835 (6)
P (1)—Pd (1)—P (1a) 180. 0 C l(1)—Pd (1)—C l(1a) 180. 0 P (1)—Pd (1)—C l(1) 85. 99 (6)
P (1a)—Pd (1)—C l(1a) 94. 01 (6) Pd (1)—P (1)—C (11) 121. 6 (2) Pd (1)—P (1)—C (21) 109. 2 (2)
Pd (1)—P (1)—C (31) 112. 3 (2) C (11)—P (1)—C (21) 102. 9 (3) C (11)—P (1)—C (31) 103. 3 (3)
C (21)—P (1)—C (31) 106. 3 (3)
3　Hyd roge na tion P rope rty
T he t it le com p lex as the ca ta lyst fo r the hom ogeneou s hydrogenat ion of
styrene and acrylic acid has been invest iga ted. T he hydrogenat ion react ion s w ere
perfo rm ed in a 160 mL sta in less steel au toclave w ith a g lass liner. T he so lu t ion
w as st irred a t a ra te of 500 rpm and the reacto r w as m ain ta ined to w ith in ±1 ℃
by a tem pera tu re con t ro lling appara tu s. T he react ion p roducts w ere determ ined
by gas ch rom atography. In a typ ica l experim en t, the tests w ere carr ied ou t in
CH 3O H as so lven t w ith the m o lar ra t io of sub st ra teöca ta lyst in 2 000∶1, hydro2
gen p ressu re of 310 M Pa at 50 ℃, the to ta l conversion s of styrene to ethylben2
zene and at acrylic acid to p rop ion ic acid w ere 86% (1 h) and 100% (5 h) respec2
t ively.
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